Alicyclobacillus acidocaldarius Squalene-Hopene Cyclase: The Critical Role of Steric Bulk at Ala306 and the First Enzymatic Synthesis of Epoxydammarane from 2,3-Oxidosqualene.
The acyclic molecule squalene (1) is cyclized into 6,6,6,6,5-fused pentacyclic hopene (2) and hopanol (3; ca. 5:1) through the action of Alicyclobacillus acidocaldarius squalene-hopene cyclase (AaSHC). The polycyclization reaction proceeds with regio- and stereochemical specificity under precise enzymatic control. This pentacyclic hopane skeleton is generated by folding 1 into an all-chair conformation. The Ala306 residue in AaSHC is conserved in known squalene-hopene cyclases (SHCs); however, increasing the steric bulk (A306T and A306V) led to the accumulation of 6,6,6,5-fused tetracyclic scaffolds possessing 20R stereochemistry in high yield (94 % for A306V). The production of the 20R configuration indicated that 1 had been folded in a chair-chair-chair-boat conformation; in contrast, the normal chair-chair-chair-chair conformation affords the tetracycle with 20S stereochemistry, but the yield produced by the A306V mutant was very low (6 %). Consequently, bulk at position 306 significantly affects the stereochemical fate during the polycyclization reaction. The SHC also accepts (3R) and (3S)-2,3-oxidosqualenes (OXSQs) to generate 3α,β-hydroxyhopenes and 3α,β-hydroxyhopanols through polycyclization initiated at the epoxide ring. However, the Val and Thr mutants generated epoxydammarane scaffolds from (3R)-OXSQ; this indicated that the polycyclization cascade started in these instances at the terminal double bond position. This work is the first to report the polycyclization of oxidosqualene starting at the terminal double bond.